To mark this year's special occasion, when the IUPAC WCC and GA are held in Busan, Korea, CI invited Choon H. Do to describe the history and the future prospects of chemistry in Korea.
Ancient Chemistry in Korea
According to a legend on the establishment of Korea, the Korean people are descendants of Dangun, the son of a Heavenly God who came down to Korea with "rain, cloud, and wind" and married a woman transformed from a bear by taking garlic and mugwort for three weeks. In BC 2333 they set up a kingdom named Gojoseon (Old Joseon). Interestingly, this legend tells us that Koreans recognized from a long time ago the importance of the environment and chemistry to sustaining human life. Rain, cloud, and wind are important factors for agriculture, and garlic and mugwort were used as medicines in ancient Korea. It also depicts the Korean endurance for hardship.
According to unearthed remains, Koreans have inhabited the Korean peninsula from the Paleolithic period. A petroglyph at Daegok-ri, Ulsan, probably carved in the Bronze or Iron Age, shows several types of whales, animals, and tools for hunting ( Fig. 1) . Among other things, these early inhabitants knew how to hunt giant whales and record these events on the stone wall in an artistic manner.
After Gojoseon, some of the northern territory of Korea was occupied by China's Han Dynasty and was renamed Hansagun. In the meantime, three kingdoms-Silla, Goguryeo, and Baekje-were established in BC 54, BC 37, and BC 18, respectively. From the period of these three kingdoms, the history of Korea is relatively well documented. The three kingdoms were unified by Silla in AD 668 and the Silla Dynasty lasted until AD 935. Gun Wang set up the Goryo Dynasty in AD 918 and overthrew Silla in AD 935 to rule Korea. The Koryo Dynasty lasted until 1393, when General Sung-gye Lee, the leader of a military coup in 1392, set up the Joseon Dynasty and became a King himself. The Joseon Dynasty was merged into Japan and dissolved in 1910. Japan occupied and ruled Korea from 1910 until 1945. Korea became independent from Japanese rule on 15 August 1945 at the end of World War II. The Korean peninsula was divided in two, with the northern part ruled by the Soviet Union and the southern part by the United States from 1945 to 1948. South Korea Lines were redrawn for emphasis.
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Chemistry in the Three Kingdoms Period
We can guess the state of chemistry in the Three Kingdoms Period through the archaeological remains of the Silla Dynasty. These survived at a relatively higher rate than those of the Goguryeo and Baekje Kingdoms. Of these remains, gold crowns, steel lumps, and glassware are notable for chemists. Figure 2 shows a gold crown excavated from a tomb of the Silla Dynasty period. Many other remains were also made of gold. Silla produced significant gold and knew how to handle it. Iron lumps in shallow sheet shapes were also found in tombs. These iron lumps were first produced as a sponge iron form and then hammered into wrought iron. These iron lumps were used as basic materials for tools such as armor, helmets, and agricultural implements, and were exported to Japan and China according to written documents. From the Three Kingdoms Period Korea was an open society and traded with foreign countries freely. Glassware shown in Figure 3 , for example, might come from the Persian region. Another very interesting example is a stone soldier standing in front of the tomb of King Wonseong (reign period AD 785-798), 38th King of the Silla Kingdom (Fig. 4) . The figure of the stone soldier is similar to western figures, and indicates that foreigners lived in Korea from ancient times. According to legend, Queen Hwangok Huh came from India in AD 48 and married Suro Kim, the founding King of the Garak Kingdom, a small kingdom between Silla and Baekje that was later merged into Silla. She became the progenitor of the Korean surname 'Huh'.
Chemistry in Medieval and Early Modern Korea
During the period between the 10th and early 20th centuries AD, two dynasties, the Koryo (918-1392) and Chosun (1392 Chosun ( -1910 , rose and fell in Korea. Because the society of these two dynasties was disrupted for long times by invasions from Mongolian and Chinese forces from the north, and by Japanese forces from the south, Koreans had difficulties developing new sciences and technologies. Nevertheless, a few noticeable developments were made.
Invention of metallic type and printing A Buddhist book, 'Jikji', printed in 1377 in Goryeo Dynasty using metallic type, is stored in the Manuscrits Orientaux division of the National Library of France (Fig. 5) . This book was confirmed as the world's oldest extant book printed with movable metal type by UNESCO in September 2001 and is included in their Memory of the World Programme. It shows that Koreans continuously improved science and technology not only for sustenance, but also for spiritual progress.
Compilation of medical knowledge
Medical and medicinal information is always very important to human life. In 1613, the Korean court physician Jun Huh and his colleagues compiled a book, 'Dongeuibogam' (Principles and Practice of Eastern Medicine), an encyclopedia of medical knowledge and treatment techniques. Many prescriptions are still applied today and are sources of research in herbal medicine. The book also describes the ideals of preventive Joseon Dynasty (AD 1392 (AD -1910 Occupation period by Japan (1910 Japan ( -1945 Independence (1945) Modern Korea, Korean
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Invention of Korean alphabet, 'Hangeul'
The invention of Korean alphabet, "Hangeul", in 1446 by a group of scholars designated by King Sejong (Fig.  6 ), is worth mentioning. It was easy for Koreans to learn, and consequently became an excellent tool for learning and communication. The Korean alphabet is composed of 14 consonants and 10 vowels. The shapes of the consonants and vowels are shown in Table 2 . One will notice that the shapes are simple, geometrical, and symmetrical. Ordinary people can learn this system in a short time, and it can describe foreign languages without difficulty. It is also a very good fit for modern computer tasks. Needless to say, the invention of the Korean alphabet contributed greatly to the development of science and technology in Korea.
'Hermit nation' and 'Morning calm'
Evidence shows that Koreans did not actively make contact with foreign countries between the 10th and 20th centuries, except for China and Japan. Korea remained unknown in western countries for a long time. Then, in 1668, a Dutch sailor named Hendrick Hamel wrote a report, "Hamel's Journal and a description of the Kingdom of Korea (1653-1666)", after escaping from Korea. In 1653 Hamel and other sailors had landed in Korea after their Dutch merchant ship was wrecked. They were held for 13 years. Hamel's journal was edited into a book and Korea became known to westerners. At this time, Korea became known as the 'Hermit nation' and the 'Morning calm' country.
It's is not known precisely why Koreans didn't continue contact with westerners during these long periods. However, the leaders and scholars of those periods failed to match the progress of the modern civilizations of the world. One theory, although it is not proven, is that recovery from the invasion and oppression by outsiders took a long time. Some leaders tried to establish contact with western civilization in the 19th century, but their impacts were weak. At the start of the 20th century, Korea lost its opportunity to catch up by itself and came under Japanese occupation when the Joseon Dynasty was merged with Japan in 1910.
Independence and Post-Korean War Reconstruction
As a result of the conclusion of World War II, Korea gained its independence 15 August 1945. Living under the oppression of other countries had been difficult, and the oppressed society lacked human rights, as well as the structures required to develop proper During and after the war, many foreign countries helped to reconstruct Korea. They supplied not only food and clothes but also construction materials for housing and schools for education. They helped to set up factories and to build roads. Some of this foreign aid came from the United Nations Korean Reconstruction Agency (UNKRA), created by the United Nations to help economic reconstruction in 1950 and focused on aiding war refugees and the homeless. The United Nations Development Programme (UNDP) aided Korea from 1963, while the Development Assistance Committee (DAC) of the Organisation for Economic Co-operation and Development (OECD) also helped to rebuild Korea's economy. The U.S. Agency for International Development (USAID) also assisted South Korea in building its agricultural, educational, and industrial sectors. According to DAC data, the total foreign assistance to Korea was USD 13 billion. This foreign assistance was used to overcome poverty and achieve economic development-in 2000 the UNDP reclassified South Korea from recipient of aid to a donor. During this period, many elements of western culture and institutions were introduced into Korea. Commodities such as coffee, penicillin, canned food, and nylon socks were imported. 'Jeep', 'three-quarter' and 'GMC' became common names for small passenger cars and medium and large trucks at the time.
Policy makers recognized what should be done to reconstruct the country, to eliminate hunger and poverty, and to provide shelters for people suffering from war, and executed their plans. 
Current Status of Chemical Industries
Today, the production of Korean chemical industries is about EUR 132.1 billion and ranked 5th in the world (Fig. 7) . In 2013, the total exports of these industries were USD 83,535 million, while the imports were USD . This includes petrochemicals, fine chemicals, fertilizers, ceramics, paper and its raw materials, abrasion products, plastics, and rubber products. The total balance of Korea's chemical industries trade is in the black, but shows deficits of USD 9,180 million in the trade of fine chemicals, USD 2,184 million in industrial chemicals, and USD 2,998 million in ceramics. These data indicate that chemical industries in Korea are still behind in fine chemicals and specialty chemicals and need to invest and develop these fields.
Petrochemicals
As initial reconstructions commenced after the Korean War, a military coup arose in 1961. The new government executed a series of economic development plans. Ulsan Petrochemical Complex was established between 1968 and 1973. An Oil refinery producing 35,000 bbl/ day was built in 1964 in a joint venture with Gulf Oil (Figs. 8 & 9 )-many companies were established either through a joint venture or independently. The first naphtha cracking facility, needed for the production of polymers and petrochemicals, was set up in 1973, and Nylon 6 was produced by Hankook Nylon Co. in 1963. The production of PE, PP, PS, PVC, PET, BR, SBR and acrylic fiber started. Ulsan became the largest city for petrochemical production in Korea. Currently they are focusing on the bio-, nano-, and fine-chemicals fields.
After Ulsan Petrochemicals Complex, Petrochemical complexes were set up at Yosu in 1976-79 and at Daesan in the 1990s (Fig. 10) . Global chemical companies such as BASF, BP, Solvay, S-Oil, Mitsui, Eastman Chemical, Rhodia, DuPont, Mobil, Total, and Dow are now operating in Korea.
Iron and Nonferrous metals
Pohang Iron & Steel Company (POSCO) was set up by a joint venture between Korean and Japanese companies in 1968 and begun production of steel in 1972 (Fig. 11) . POSCO built a 2nd mill in Gwangyang in 1988. Onsan Industrial Complex in Ulsan was planned in 1974 for the production of nonferrous metals, aluminum, copper, zinc, nickel, and lead, and completed in 2000. Through the production of plastics, steel and nonferrous metals, they were able to supply basic materials for the automobile, shipbuilding, and electronics industries.
Government and National Research Institutes
The Korean government eagerly supports the progress of economic development and science and engineering. The Ministry of Education; the Ministry of Science, ICT & Future Planning; and the Ministry of Trade, Industry & Energy are the main engines to propel the policy of the Korean government supporting education, research, innovation, science, and technology. They have set up many national research institutes 
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and organizations. Some important institutes are described below:
Central Industry Research Institute: This institute, established under the Ministry of Commerce & Industry in 1949, was the first governmental agency for science and technology. As the only place where most scientists and engineers could work after independence, they shaped the first community of science, technology, and industry.
Korea Atomic Energy Research Institute (KAERI):
At the time that nuclear power was emerging, and as people witnessed the nuclear power of the bombs dropped on Japan, the newly born Korean government focused on catching up with contemporary nuclear science and technology. The Korean government initiated KAERI and imported a research reactor, the Triga Mark II from General Atomics in 1962 for peaceful useagriculture, industry, medicine, science, and engineering. Using this research reactor, they trained not only nuclear scientists and engineers but also pure scientists and engineers. They have also recruited scientists and engineers from abroad. Currently, South Korea is operating 23 nuclear power reactors, producing 20.7 billion watts and supplying 35% of the country's total electricity.
Korea Institute of Science and Technology (KIST):
During summit talks in 1965, Korean President Chunghee Park and U.S. President Lyndon B. Johnson agreed to establish a research and development institute in Korea. A deal to establish KIST was signed in 1966 and the Institute was completed in 1969. It was the first multi-disciplinary scientific research institute in Korea and has since contributed significantly to the development of the Korean sciences in many areas. As scientists and engineers joined KIST, the research positions there created the first major "reverse brain-drain" from overseas. The number of universities and colleges increased very quickly following independence and through the modern era due to "education fever". Currently there are 190 4-year universities and 140 2-year colleges in Korea. More than 80% of high school graduates register at college or university.
After the Korean War, the education system followed that of the United States. One notable program during this time was the Minnesota Project by USAID.
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This program provided universities in Korea with staff improvement and equipment in engineering, medicine, agriculture, and public administration. Through this program, faculty members visited the United States to obtain a degree and to catch up with the development of modern science and technology. Many scholars also went to Germany, France, and other European countries.
At most universities, the chemistry departments were placed in the college of liberal sciences, while chemical engineering departments were set up in the college of engineering. Departments of applied chemistry, industrial chemistry, fiber technology and polymer were also established in the college of engineering. The chemists and chemical engineers trained in all of these departments became the workhorses of the chemical industry in Korea.
Relatively recently, several notable national and private universities were established. Postech 
Chemical Scientific Societies and Associations
Many chemists and chemical engineers are active in research and in presenting their works through various domestic and international scientific societies. Chemists and chemical engineers organized many societies according to their scientific interests and disciplines. Each society actively holds meetings, conferences, and forums and publishes journals, magazines, and newsletters. Because most scientific terms and definitions came from abroad, many scientific societies translated English terms they used into Korean terms. To this end, the Korean Union of Chemical Science and Technology Societies (KUCST) published "Terminologies of Chemical Science & Engineering" including chemistry, chemical engineering, and polymer and industrial chemistry.
Scientific societies related to chemistry and chemical engineering are as follows (year of establishment in parentheses): Korean Chemical Society (KCS) (1946) Many different sections of chemical industries, such as textiles, rubber, plastics, electronics, steel, automobile, fertilizer, construction materials, cosmetics, and medicine, etc., form professional associations to
